The batch removal of copper (II) from aqueous solution under different experimental conditions using silicon-organic sorbent poly[N,N'-bis(3-silseskquioxanilpropyl)thiocarbamide] (PSTM-3T) was investigated in this study. This sorbent was produced from the hydrolytic polycondensation reaction. The removal was favoured at pH = 5 for PSTM-3T. The effects of concentration and temperature have been reported. PSTM-3T was found to efficiently remove Cu(II) from solution. The batch sorption kinetics have been tested for a first-order reaction. The rate constants of adsorption have been calculated. The thermodynamic parameters (∆G 0 , K c ) obtained to indicate the endothermic nature of Cu(II) adsorption on PSTM-3T.
Introduction
dsorption processes for water treatment have had a long and productive history. Activated carbon has been widely used in wastewater treatment to remove organic and inorganic pollutants. It was also found that activated carbon has a great potential to remove heavy metals such as cadmium, chromium, lead and copper according to the reference [1] .
Heavy metals are widely used in modern industries, including textile, leather, tanning, electroplating and metal finishing. They are released to environment either in treated wastewater to surface waters or as sludge applied to landfill. Copper is known to be a toxic metal. Because of its toxicity, it is imperative to significantly reduce its discharge levels [2] .
The pre-concentration and separation of elements by use of chelating silicon organic [3] [4] [5] [6] polymers have been reported. However, most of chelating silicon organic polymers are used for pre-concentration and determination of noble metal ions, the synthesis of silicon organic polymers usually takes a long time and the synthetic process is complicated.
Previously, we studied the removal of Cr(VI) from wastewater, using PSTM-3T and activated carbon produced from sawdust under selected conditions [7] . These were preliminary studies. In this research, we investigate the adsorption kinetics of PSTM-3T under wide range of conditions.
Experimental

Materials characterization
Silicon-organic polymer [-O 1.5 Si(CH 2 ) 3 HNC(S)NH(CH 2 ) 3 SiO 1.5 -] npoly[N,N'-bis(3-silseskquioxanilpropyl)thiocarbamide] used in this study was synthesized [3] in Russia.
The adsorbent used in this work were characterized by scanning electron microscope (SEM) (Fig. 1 ). This figure shows that the PSTM-3T has an irregular and porous surface, which indicates high surface areas. Moreover, the surface area of PSTM-3T is 490 m 2 /g and the total pore volume is 3.53 ml/g. Energy dispersive spectrometer (EDS) was also used to analyze sorbent PSTM-3T. The EDS analyses provided a rudimentary and after adsorbed copper compositions for the PSTM-3T. The compositions from the peak areas ( Fig.1 ) are calculated as shown in Table 1 . Table 1 . EDS composition of PSTM-3T
Adsorption
The measurement of adsorption kinetics of the PSTM-3T was carried out by shaking 0.05 g of PSTM-3T with 50 ml of Cu(II) solution of known concentration in 100 ml conical flask placed in a stirrer/hot plate (Corning PC-620D) provided with a temperature controller. The removal kinetics of the Cu(II) was investigated by drawing samples after the desired contact time and the filtrate was analyzed for the remaining Cu(II) concentration.
A spectrophotometer (HITACHI, U-1000) was employed at a wavelength of 430 nm with sodium diethyl dithiocarbamate reagent to determine the remaining concentrations of Cu(II) in each sample solutions after adsorption at the desired time intervals. The analysis was carried out according to the procedure given by the reference [8] . The same procedure has been used to study the effect of initial concentration, pH and temperature. The pH was adjusted with either 0.1 M HCI or 0.1 M NaOH as required.
The equilibrium isotherm was determined by mixing 0.05 g of PSTM-3T with 50 ml of copper solution in 100 ml conical flask at the required temperature. Each isotherm consisted of nine copper concentrations varied from 1000 to 10000 ppm. The flasks containing copper solution and PSTM-3T were placed in a shaker and agitated for 40 min at the required temperature and at a fixed agitation speed of 500 rpm. The equilibrium concentrations were measured by the spectrophotometer and referenced with the calibration curve. The equilibrium adsorption capacity was calculated using the equation: q e = (C 0 -C)V/M (1) where q e (mg/g) is the equilibrium adsorption capacity, C 0 and C are the initial and equilibrium concentration (mg/l) of Cu(II) ions in solution, V(l) is the volume and M (g) is the weight of sorbent.
The accuracy of temperature and concentration measurements was ± 0.5 0 C and ± 0.02 ppm, respectively.
Results and D iscussions Effect of pH
The adsorption of Cu(II) by PSTM-3T at different pHs at an initial concentration of 20 mg/l and a temperature of 90 0 C is shown in Fig. 2 . For PSTM-3T, particle size was 0.2 mm. For PSTM-3T, the amount adsorbed increases from 2.0 to 7.0 mg/g as the pH decreases from 5 to 2. This indicates that the adsorption capacity of the adsorbent is clearly pH dependent. It is obvious that pH determines the extent of the Cu(II) removal as well as providing a favourable adsorbent surface charge for the adsorption to occur. Cu(II) exists in different forms in aqueous solution and the stability of these forms is dependent on the pH of the system. A characteristic of the sorption of heavy metal ions onto the surface is that at a set bulk solution heavy metal concentration the sorption is greatest at a pH value that is just slightly more acidic than the pH at which there is bulk precipitation of the metal hydroxide. As pH is further raised, once the bulk solubility limit is reached, the sorption is greatly reduced because the metal ion is removed from solution by the bulk precipitation. The relative concentration of Cu(II) species in system containing 1× 10 -4 mol/l Cu(II) [2] is shown in Fig.4 . This figure clearly shows Cu(II) species distribution for a total Cu(II) concentration of 1× 10 -4 mol/l. It is noted that maximum sorption of Cu(II) occurs at a pH value slightly more acidic than the pH of bulk precipitation of Cu(OH) 2 . The Cu(II) form is also stable within the low pH range, however, its concentration decreases sharply in aqueous solution with increasing pH. Maximum adsorption at pH=5 indicates that it is the Cu(II). Form of Cu(II), which is the predominant species between pH=1 and 5, which is adsorbed preferentially on the PSTM-3T.
Effect of initial concentration
The removal of Cu(II) adsorption on PSTM-3T is shown in Fig. 3 to increase with time and attains a maximum value at about 180 min, and thereafter, it remains almost constant.
On changing the initial concentration of Cu(II) solution from 2 to 20mg/l, the amount adsorbed increases from 2.0 to 7.0 mg/g at pH=5 using PSTM-3T with average particle size of 0.2 mm (Fig. 3) . From Fig.3 , it can be seen that the amount of adsorbate with low initial concentration attained on the solid phase is smaller than the amount attained when high initial concentrations are used. However, the percentage removal of Cu(II) for the PSTM-3T is not similar with lower initial concentrations and higher initial concentrations. The PSTM-3T after adsorbed of Cu(II) was characterized by scanning electron microscope (SEM) and the EDS analysis (Fig.  5 ). The compositions from the peak areas are calculated as shown in Table 2 . The adsorption of Cu(II) on the PSTM-3T at different temperatures increases in the adsorption capacity when the temperature is increased. The adsorption capacity varies with temperature and initial concentration as shown in Fig.6 . With increase in temperature from 298 to 363K, the adsorption capacity increased from 4.80 to 8.60 mg/g for the initial concentration of 10 mg/l at pH 5.0. Similar trends are observed for all the other concentrations. This indicates that the adsorption reaction is endothermic in nature. The enhancement in the adsorption capacity may be due to the chemical interaction between adsorbates and adsorbent, creation of some new adsorption sites or the increased rate of intra-particle diffusion of Cu(II) ions into the pores of the sorbent at higher temperatures [9] . The standard Gibb's energy was evaluated by ΔG 0 = -RT ln K c (2) The equilibrium constants K c was calculated at each temperature using the following relationship K c = C Ae / C e (3) where C Ae is the amount adsorbed on solid at equilibrium and C e is the equilibrium concentration.
The other thermodynamic parameters such as change in standard enthalpy (ΔH 0 ) and standard entropy (ΔS 0 ) were determined using the following equations Ln K c = ΔS 0 / R -ΔH 0 / RT (4) ΔH 0 and ΔS 0 were obtained from the slope and intercept of the Vant Hoff's plot of ln K c versus 1/ T as shown in Fig.7 . Positive value of ΔH 0 indicates that the adsorption process is endothermic. The negative values of ΔG 0 reflect the feasibility of the process and the values become more negative with increase in temperature. Standard entropy determines the disorderliness of the adsorption at solid-liquid interface. Table 3 summarizes the results. Table 3 . Thermodynamic parameters of PSTM-3T at initial concentration of 10 mg / l, pH5.0
Adsorption kinetics modeling
The models of adsorption kinetics correlate the solute adsorption rate, thus these models are important in water treatment process design. In this study, the adsorption dynamics were followed by conducting the adsorption of Cu(II) on the adsorbent for a batch reaction as described before.
Pseudo-first-order model
The sorption kinetics may also be described by a pseudo-first-order according to Ho and McKay [1] and Namasivayam and Kardivelu [10] : dq/dt = k'(q e -q) (5) Where q e is the amount of solute adsorbed at equilibrium per unit weight of adsorbent (mg/g), q the amount of solute adsorbed at any time (mg/g) and k' is the adsorption constant. Equation (5) is integrated for the boundary conditions t = 0 to >0 (q = 0 to >0) Effect of temperature and then rearranged to obtain the following linear time dependence function: log(q e -q) = log(q e ) -k't/2.303 (6) Plot for equation (6) was made for PSTM-3T at different pHs, different initial concentrations. Fig.8 is shown as an example for these plots. Approximately, linear fits are observed for all pHs, concentrations indicating that sorption reaction can be approximated to first-order kinetics. The smallest correlation coefficient in case of pH=2 was 0.863, which is even better than the second-order reaction model (Figure not shown). The highest correlation coefficient was 0.995 for pH=4 ( Table 3) . The highest removal efficiency of PSTM-3T for 2 mg/l and 4 mg/l of Cu(II) was found 99.9% and 99.5% respectability ( Table 4 ). The increase in the efficiency of removal may be attributed to the fact that with an increase in the adsorbent dosage, more adsorbent surface is available for the solute to be adsorbed [11] . Constant k' for all situations tested have been calculated and summarized in Tables 3, 4 . 
Adsorption isotherm
The equilibrium data for adsorption of Cu(II) on to the PSTM-3T may follow the rearranged Langmuir equation [11] :
Where C e is the equilibrium concentration (mg / l) and q e the amount adsorbed at equilibrium (mg / g). The Langmuir constants Q 0 and b, which are related to the adsorption capacity and heat of adsorption, respectively, were determined (Table 5 ) from the slope and intercepts of the linear plots of C e / q e versus C e (). Freundlich isotherm describes the heterogeneous surface energies by multilayer adsorption and is expressed in linear form as [11] ln q e = ln K f + b f ln C e (8) where K f indicates adsorption capacity (mg / g) and b f an empirical parameter related to the intensity of adsorption, which varies with the heterogeneity of the sorbent. For values in the range 0.1< b f < 1, adsorption is favorable [11] .
Conclusion
Synthesized poly[N,N'-bis(3-silseskquioxanilpropyl)thiocarbamide] is used for the removal of Cu(II) from aqueous solution. Sorption of Cu(II) is found to be effective in the low pH range and at higher temperatures. Increase in adsorption with rise in temperature reveals that the adsorption is chemical in nature and the process is endothermic, which is confirmed by the thermodynamic parameters evaluated. The Langmuir isotherm fits the data better than the Freundlich isotherm. Thus, the results shows that the PSTM-3T can be effectively applied for the removal of Cu(II) from natural water where is the content of Cu(II) lower than 10 mg/l.
